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METHODS AND MEDIA ACCESS CONTROLLER FOR MESH NETWORKS WITH
ADAPTIVE QUALITY-OF-SERVICE MANAGEMENT

Technical Field

Embodiments of the present invention pertain to wireless communications. Some
embodiments of the present invention relate to mesh networks, and some embodiments

relate to media access control.

Background

Wireless mesh networks, including digital home networks, may include several
wireless communication nodes that transfer and route communications for different
applications therebetween. These communications may be associated with a particular
application flow that may have a contracted (i.e., requested) quality-of-service (QoS) level
requirement. Examples of higher QoS level application flows include high-definition
television (HDTV) flows, standard television (SDTV) flows, streaming video flows and
voice flows. One problem with conventional mesh networks is that lower QoS level
application flows, such as background and best effort flows, may negatively affect higher
QoS level flows because access to the transmission medium is not effectively managed

resulting in bursty arrival patterns at receiving nodes of the network.

Brief Description of the Drawings

FIG. 1A illustrates a wireless mesh network in accordance with some embodiments
of the present invention;

FIG. 1B illustrates the effects of lower quality-of-service (QoS) level application
flows on higher QoS level multimedia application flows;

FIG. 2 is a block diagram of a wireless communication device in accordance with
some embodiments of the present invention; and

FIG. 3 is a flow chart of a mesh network quality-of-service (QoS) management

procedure in accordance with some embodiments of the present invention.
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Detailed Description

The following description and the drawings illustrate specific embodiments of the
invention sufficiently to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other changes.
Examples merely typify possible variations. Individual components and functions are
optional unless explicitly required, and the sequence of operations may vary. Portions and
features of some embodiments may be included in or substituted for those of others.
Embodiments of the invention set forth in the claims encompass all available equivalents
of those claims. Embodiments of the invention may be referred to, individually or
collectively, herein by the term “invention” merely for convenience and without intending
to voluntarily limit the scope of this application to any single invention or inventive
concept if more than one is in fact disclosed.

FIG. 1A illustrates a wireless mesh network in accordance with some embodiments
of the present invention. Wireless mesh network 100 may comprise a plurality of wireless
communication nodes 102 that may communicate with each other over one or more
wireless communication channels 104. In some embodiments, at least some of wireless
communication nodes 102 communicate with other nodes 102 using more than one
wireless communication channel 104. In some embodiments, some wireless
communication nodes 102 communicate with other nodes 102 using only one
communication channel. Although wireless mesh network 100 is illustrated as a
multichannel mesh network, the scope of the invention is not limited in this respect.

In wireless mesh network 100, transmissions that comprise an application flow
may traverse multiple nodes 102 (i.e., multiple hops) and nodes 102 may contend for the
shared resources of wireless communication channels 104. In accordance with some
embodiments of the present invention, nodes 102 may implement a resource management
technique to coordinate allocation of the wireless channel for more than one application
flow over multiple hops. Furthermore, in some embodiments, nodes 102 may implement
admission control techniques to help prevent different priority applications from
interfering with each other. In some of these embodiments, a resource adaptation
management process may help resolve conflicts by trading off performance of lower-

priority application flows. This is discussed in more detail below.
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FIG. 1B illustrates the effects of lower quality-of-service (QoS) level application
flows on higher QoS level multimedia application flows. FIG. 1B illustrates the data rate
in bits-per-second of several of application flows 150 as a function of time. Application
flows 150 may be communicated over the same channel between one or more nodes of a
conventional wireless mesh network. Application flows 150 may include higher QoS level
application flows such as high-definition television (HDTV) application flow 158,
standard television (SDTV) application flow 156, and streaming video application flow
154. Application flows 150 may also include lower QoS level application flows such as
background data traffic application flow 152.

In a conventional wireless mesh network, streaming video application flow 154
begins to affect both HDTV application flow 158 and SDTV application flow 156 when its
transmissions begin at time 162. In a conventional wireless mesh network, background
data traffic application flow 152 begins to significantly affect HDTV application flow 158
when its transmissions begin at time 164 and continue during transmission time 160. In
accordance with some embodiments of the present invention, the effects of the lower QoS
level application flows on the higher QoS level may be mitigated through adaptive QoS
management operations as described in more detail below. Although high QoS level
application flows are illustrated in FIG. 1B as streamed flows, the scope of the invention is
not limited in this respect.

FIG. 2 is a block diagram of a wireless communication device in accordance with
some embodiments of the present invention. Wireless communication device 200 may be
suitable for use a node, such as one or more of nodes 102 (FIG. 1A), in a wireless mesh
network, although the scope of the invention is not limited in this respect. In some
embodiments, wireless communication device 200 may be a wireless mesh network router,
although the scope of the invention is not limited in this respect.

Wireless communication device 200 may include one or more layers of a protocol
stack including physical (PHY) layer 202, media access control (MAC) layer 204 and
higher-level layers 206. Higher-level layers 206 may provide application flows 218 and
220 to media access control layer 204. Media access control layer 204 may coordinate
access to a communication channel and generate MAC data 205 (e.g., MAC packet data
units) for transmission to other nodes of a mesh network using physical layer 202.

In accordance with some embodiments of the present invention, media access
control layer 204 may include quality-of-service (QoS) manager 208 to monitor a

3
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consumed bandwidth of a current application flow and to compare the consumed
bandwidth with a contracted bandwidth for the current application flow. Media access
control layer 204 may also include contention manager 210 to coordinate access to a
wireless communication channel (i.e., the transmission medium) for communications with
other nodes of the wireless mesh network. In these embodiments, QoS manager 208 may
instruct contention manager 210 to employ signaling to request additional resources for a
current application flow after the consumed bandwidth of the current application flow is
significantly less than the contracted bandwidth.

The contracted bandwidth may refer to the amount of channel resource that an
application flow is suited to use and may be provided when a service flow is admitted to a
node. When an application flow operates within range of its contracted bandwidth, it
should meet its “contracted” QoS requirement. In other words, an HDTV flow will provide
an acceptable HDTV picture, for example, and SDTV flow with provide an acceptable
SDTYV picture, for example. When the consumed bandwidth of the current application
flow is significantly less than the contracted bandwidth, the current application flow may
not be receiving enough of the channel resource to satisfy its requirement. This may be
because low-priority application flows are consuming too much bandwidth, that channel
capacity has degraded due to a decreased signal-to-noise ratio, or that other multimedia
applications have violated their QoS contracts and are using more bandwidth than
necessary.

In some embodiments, in response to the request for additional resources, a
contention manager of a transmitting node receiving the request for additional channel
resources may increase a contention window for a lower quality-of-service level
application flow. The transmitting node may be one of the other nodes of the wireless
mesh network transmitting the current application flow to the current node. In some
embodiments, the contention manager of a transmitted node may significantly increase or
double its contention window to reduce the bandwidth for one or more lower quality-of-
service level application flows providing additional bandwidth for a higher quality-of-
service level application flow to use.

In some embodiments, the signaling employed by contention manager 210 may
include setting a flag bit in reply packets to request one or more transmitting nodes to
allocate greater bandwidth to the current application, although the scope of the invention is
not limited in this respect. In some embodiments, the flag bit may be set (e.g., set to one)

4
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in request-to-send (RTS) packets or clear-to-send (CTS) packets, while in other
embodiments, a flag bit may be set in a data packet header, although the scope of the
invention is not limited in this respect.

Some embodiments may include resetting the contention window. In these
embodiments, contention manager 210 of the current node (e.g., wireless communication
device 200) may employ signaling to instruct the transmitting node to reset the contention
window after the consumed bandwidth is no longer significantly less than the contracted
bandwidth. In some embodiments, the flag bit may be reset (e.g., set to zero) indicating
that the current application is no longer receiving significantly less than the contracted
bandwidth. The contention manager of the transmitting node may slowly decrease or reset
the contention window for lower quality-of-service level application flows allowing them
to increase their bandwidth usage.

In some embodiments, contention manager 210 of the current node may be
responsive to requests from one or more of the other nodes of the wireless mesh network
for additional resources for an application flow. In these embodiments, contention
manager 210 may increase a contention window for a lower quality-of-service level
application flow in response to the requests.

In some embodiments, one or more service flows may be terminated at the current
node based on their profile. In these embodiments, quality-of-service manager 208 of the
current node may terminate one or more of the lower quality-of-service level application
flows after the consumed bandwidth remains significantly less than the contracted
bandwidth for a current higher QoS level application flow even after the contention
manager of the transmitting node has increased the contention window for the one or more
lower quality-of-service level application flows. In some embodiments, quality-of-service
manager 208 may select one or more lower quality-of-service level application flows 218
for termination based on application profile 214. Application profile 214 may indicate a
priority of an associated application flow.

In some embodiments, a current application flow may be one of a plurality of
higher QoS level application flows 220. Higher quality-of-service level application flows
220 may comprise one or more of a voice (VO) application flow or a video (VI)
application flow. Examples of higher QoS level flows 220 may include multimedia
application flows such as a high-definition television (HDTV) application flow, a standard
television (SDTV) application flow, a streaming video application flow and a voice
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application flow. Lower quality-of-service level application flows 218 may comprise
background (BK) and best effort (BE) application flows, such as an email application
flow, an Internet application flow, a file transfer protocol (FTP) application flow, a
transmission control protocol (TCP) application flow and a universal datagram protocol
(UDP) application flow, although the scope of the invention is not limited in this respect.
In some embodiments, the priority of an application flow may be determined from the
application flow’s QoS requirements. Alternatively, in some embodiments, a user may
select the priority of the application flows. The priority may be stored with application
profiles 214. For example, HDTV may be a higher priority application flow than SDTV,
and SDTV may be a higher priority application flow than streaming video, etc., although
the scope of the invention is not limited in this respect.

In some embodiments, QoS manager 208 may instruct contention manager 210 to
either allocate additional bandwidth to lower quality-of-service level application flows or
delay transmissions of the current application flow after the consumed bandwidth is
significantly greater than the contracted bandwidth.

When the consumed bandwidth is significantly greater than the contracted
bandwidth, an application flow is consuming too much of the channel resource, which may
be much more than it needs. This may also mean the application flow may be aggressive or
is misbehaving and may potentially affect the performance of other application flows.
Reducing the bandwidth consumed by these application flows should not degrade their
performance. In some embodiments, contention manager 210 may increase a contention
window for a current application to delay transmissions of the current application flow
after the consumed bandwidth is significantly greater than the contracted bandwidth.

In some embodiments, contention manager 210 may communicate with physical
layer 206. In some of these embodiments, physical layer 206 may communicate orthogonal
frequency division multiplexed (OFDM) communication signals with one or more of the
other nodes of a wireless mesh network, although the scoi)e of the invention is not iirrﬁted
in this respect. The orthogonal frequency division multiplexed communication signals may
comprise a plurality of closely spaced substantially orthogonal subcarriers, although the
scope of the invention is not limited in this respect.

To belp achieve orthogonality between the closely spaced subcarriers of an OFDM
signal, each subcarrier may have a null at substantially a center frequency of the other
subcarriers. In some embodiments, to help achieve orthogonality between the closely
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spaced subcarriers of an OFDM signal, each subcarrier may have an integer number of
cycles within a symbol period.

In some embodiments, wireless communication device 200 may be multichannel
node and may communication in a multichannel mesh network. In these embodiments,
physical layer 206 may have two or more transceivers and may communicate with at least
some of the other nodes of the mesh network with two or more orthogonal communication
channels, although the scope of the invention is not limited in this respect. In some
multiple-input multiple-output (MIMO) embodiments, physical layer 206 may be coupled
to two or more antennas 216 for simultaneously transmitting and/or receiving two or more
data streams to one or more of the other nodes of the wireless mesh network, although the
scope of the invention is not limited in this respect. Antennas 216 may comprise one or
more directional or omnidirectional antennas, including, for example, dipole antennas,
monopole antennas, patch antennas, loop antennas, microstrip antennas or other types of
antennas suitable for reception and/or transmission of RF signals by device 200.

In some embodiments, contention manager 210 may perform an enhanced
distributed coordinated access (EDCA) procedure to access a wireless communication
channel (i.e., the transmission medium). An increase in the contention window by
contention manager 210 may increase a back-off time for transmissions by physical layer
206 which may change a probability of gaining access to the channel. In some
embodiments, increasing the back-off time may delay transmissions resulting in reduced
bandwidth consumption. The contention window may be viewed as an amount of delay
before a data packet is transmitted to another node. In some embodiments, the contention
window may be viewed as an amount of delay before a previously transmitted data packet
is retransmitted to another node after the initial transmission results in collisions with
transmissions from other nodes. A variable contention window changes the probability of
subsequent collisions. In accordance with some embodiments of the present invention,
increasing the contention window may also reduce the bandwidth consumed by the
application flow.

In some embodiments, media access controller 104 may include admission
controller 212 to admit one or more of application flows 218 and 220 to the network and
provide a contracted bandwidth for each admitted application flow to quality-of-service
manager 208. In some embodiments, the admission of application flows may be based on
the available bandwidth, although the scope of the invention is not limited in this respect.

7
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In some embodiments, admission control for application flows may be distributed across
the mesh network, although the scope of the invention is not limited in this respect. In
these embodiments, application flows may be admitted at a network level.

Although wireless communication device 200 is illustrated as having several
separate functional elements, one or more of the functional elements may be combined and
may be implemented by combinations of software-configured elements, such as processing
elements including digital signal processors (DSPs), and/or other hardware elements. For
example, processing elements may comprise one or more microprocessors, DSPs,
application specific integrated circuits (ASICs), and combinations of various hardware and
logic circuitry for performing at least the functions described herein. In some
embodiments, the functional elements of device 200 may refer to one or more processes
operating on one or more processing elements.

FIG. 3 is a flow chart of a mesh network quality-of-service (QoS) management
procedure in accordance with some embodiments of the present invention. Mesh network
QoS management procedure 300 may be performed by a node of a mesh network, such as
node 200 (FIG. 2) when operating in wireless mesh network 100 (FIG. 1). In some
embodiments, mesh network QoS management procedure 300 may be performed by every
node of a mesh network, although the scope of the invention is not limited in this respect.
The performance of procedure 300 may allow a node to manage the QoS level of admitted
application flows by providing a distributed coordination of QoS management, by
managing multi-hop contention and/or by managing resource conflict. In some
embodiments, procedure 300 may be performed concurrently for each application flow
admitted to the network by a node operating as a router in the network.

Operation 302 comprises determining the contracted bandwidth for each admitted
application flow. Operation 302 may also comprise admitting one or more application
flows at the node. In some embodiments, the contracted bandwidth may be provided by
another node of the network or may be known from the application flow itself (i.e., the
type of flow), although the scope of the invention is not limited in this respect.

Operation 304 comprises monitoring the consumed bandwidth for each application
flow. In some embodiments, operation 304 may be performed by QoS manager 208 (FIG.
2), although the scope of the invention is not limited in this respect. In some embodiments,

a node may monitor the bandwidth actually allocated (i.e., used) to each application flow.
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Operation 306 comprises comparing the consumed bandwidth with the contracted
bandwidth for a particular admitted application flow.

Operation 308 comprises determining when the consumed bandwidth is
significantly less than the contracted bandwidth for a particular admitted application flow.
When the consumed bandwidth is significantly less than the contracted bandwidth,
operation 310 is performed. When the consumed bandwidth is not significantly less than
the contracted bandwidth, operation 318 may be performed.

Operation 310 comprises employing signaling to request additional resources from
one or more transmitting nodes (e.g., the one or more nodes of the network that are
transmitting the application flow in a multihop path to the current node). In some
embodiments, a flag bit may be set in reply packets indicating a request for additional
bandwidth, although the scope of the invention is not limited in this respect.

Operation 312 comprises waiting at least a predetermined number of packet
transmissions before operation 314 determines whether the consumed bandwidth is still
significantly less than the contracted bandwidth. If the consumed bandwidth is still
significantly less than the contracted bandwidth, operation 316 may be performed. If the
consumed bandwidth is not significantly less than the contracted bandwidth, status block
322 may indicate that the consumed bandwidth may be within range of the contracted
bandwidth. In some alternate embodiments, when the consumed bandwidth is not
significantly less than the contracted bandwidth, operation 318 may be performed.

Operation 316 comprises terminating at least one or more lower priority
application flows. In some embodiments, operation 316 may terminate lower priority
application flows until the consumed bandwidth is no longer significantly less than the
contracted bandwidth. In some embodiments, when a node terminates an application flow,
packets belonging to the terminated application flow may be dropped. In some
embodiments, the node may signal the source node, which may be a different node, to
refrain from injecting the application flow into the network, although the scope of the
invention is not limited in this respect. Upon the completion of operation 316, status block
322 may indicate that the consumed bandwidth may be within range of the contracted
bandwidth. In some alternate embodiments, upon the completion of operation 316,
operation 318 may be performed.

Operation 318 comprises determining when the consumed bandwidth for an
application flow is significantly greater than the contracted bandwidth for the application
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flow. When the consumed bandwidth for an application flow is significantly greater than
the contracted bandwidth for the application flow, operation 320 may be performed. When
the consumed bandwidth for an application flow is not significantly greater than the
contracted bandwidth for the application flow, status block 322 may indicate that the
consumed bandwidth may be within range of the contracted bandwidth.

Operation 320 comprises delaying transmission of the current application to reduce
its resource consumption. In some embodiments, operation 320 may comprise allocating
some of the bandwidth consumed by the current application to one or more other lower
QoS level applications, although the scope of the invention is not limited in this respect. In
some embodiments, operation 320 may be performed until the consumed bandwidth for
the current application flow is no longer significantly greater than the contracted
bandwidth for the current application flow.

Status block 322 may indicate that the consumed bandwidth may be within range
of the contracted bandwidth indicating that the application flow is receiving and
consuming sufficient bandwidth to meet its QoS requirement and that excessive bandwidth
is not being consumed by the application flow.

Although the individual operations of procedure 300 are illustrated and described
as separate operations, one or more of the individual operations may be performed
concurrently, and nothing requires that the operations be performed in the order illustrated.
Unless specifically stated otherwise, terms such as processing, computing, calculating,
determining, displaying, or the like, may refer to an action and/or process of one or more
processing or computing systems or similar devices that may manipulate and transform
data represented as physical (e.g., electronic) quantities within a processing system’s
registers and memory into other data similarly represented as physical quantities within the
processing system’s registers or memories, or other such information storage, transmission
or display devices.

Embodiments of the invention may be implemented in one or a combinatibn of
hardware, firmware and software. Embodiments of the invention may also be implemented
as instructions stored on a machine-readable medium, which may be read and executed by
at least one processor to perform the operations described herein. A machine-readable
medium may include any mechanism for storing or transmitting information in a form
readable by a machine (e.g., a computer). For example, a machine-readable medium may
include read-only memory (ROM), random-access memory (RAM), magnetic disk storage

10
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media, optical storage media, flash-memory devices, electrical, optical, acoustical or other
form of propagated signals (e.g., carrier waves, infrared signals, digital signals, etc.), and
others.

The Abstract is provided to comply with 37 C.F.R. Section 1.72(b) requiring an
abstract that will allow the reader to ascertain the nature and gist of the technical
disclosure. It is submitted with the understanding that it will not be used to limit or
interpret the scope or meaning of the claims.

In the foregoing detailed description, various features are occasionally grouped
together in a single embodiment for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments of the subject matter require more features than are expressly recited in each
claim. Rather, as the following claims reflect, invention may lie in less than all features of
a single disclosed embodiment. Thus the following claims are hereby incorporated into the
detailed description, with each claim standing on its own as a separate preferred

embodiment.
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CLAIMS

What is claimed is:

1. A media access controller comprising:

a quality-of-service manager to monitor consumed bandwidth of a current
application flow and to compare the consumed bandwidth with a contracted bandwidth for
the current application flow; and .

a contention manager to coordinate access to a wireless communication channel for
communications with other nodes of a wireless mesh network,

wherein the quality-of-service manager is adapted to instruct the contention
manager to request additional resources for the current application flow after the consumed

bandwidth is significantly less than the contracted bandwidth.

2. The media access controller of claim 1 wherein, in response to the request for
additional resources, a transmitting node receiving the request is adapted to increase a
contention window for a lower quality-of-service level application flow, the transmitting
node being one of the other nodes of the wireless mesh network transmitting the current

application flow.

3. The media access controller of claim 2 wherein the contention manager employs
signaling to request additional resources, the employed signaling including setting a flag
bit in reply packets to indicate to one or more transmitting nodes to allocate greater

bandwidth to the current application flow.

4. The media access controller of claim 2 wherein the contention manager is further
adapted to employ signaling to instruct the transmitting node to reset the contention
window after the consumed bandwidth is no longer significantly less than the contracted
bandwidth.

5. The media access controller of claim 1 wherein the contention manager is
responsive to requests from one or more of the other nodes of the wireless mesh network
for additional resources for the current application flow, wherein the contention manager is

12
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adapted to increase a contention window for a lower quality-of-service level application

flow in response to the requests.

6. The media access controller of claim 2 wherein the quality-of-service manager is
adapted to terminate one or more lower quality-of-service level application flows after the
consumed bandwidth remains significantly less than the contracted bandwidth for the
current application flow even after the transmitting node has increased the contention

window for the one or more lower quality-of-service level application flows.

7. The media access controller of claim 6 wherein the quality-of-service manager is
adapted to select the one or more lower quality-of-service level application flows for
termination based on an application profile, the application profile indicating a priority of

an associated application flow.

8. The media access controller of claim 7 wherein the current application flow is
one of a plurality of a higher quality-of-service level application flows,

wherein the higher quality-of-service level application flows comprise one or more
of a voice application flow or a video application flow, and

wherein the one or more lower quality-of-service level application flows comprise

background and best effort application flows.

9. The media access controller of claim 8 wherein the video application flow
includes one or more multimedia application flows including a high-definition television
application flow, a standard television application flow, and a streaming video application
flow, and

wherein the background and best effort application flows include one or more of an
email application flow, an Internet application flow, a file transfer protocol application
flow, a transmission control protocol application flow and a universal datagram protocol

application flow.

10. The media access controller of claim 1 wherein the quality-of-service manager
is further adapted to instruct the contention manager to either allocate additional
bandwidth to lower quality-of-service level application flows or delay transmissions of the
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current application flow after the consumed bandwidth is significantly greater than the

contracted bandwidth.

11. The media access controller of claim 10 wherein the contention manager is
adapted to increase a contention window for the current application flow to delay
transmissions of the current application flow after the consumed bandwidth is significantly

greater than the contracted bandwidth.

12. The media access controller of claim 1 wherein the contention manager is
coupled to a physical layer that communicates orthogonal frequency division multiplexed
communication signals with one or more of the other nodes of the wireless mesh network,
the orthogonal frequency division multiplexed communication signals comprising a

plurality of substantially orthogonal subcarriers.

13. The media access controller of claim 12 wherein the mesh network is a
multichannel mesh network, and
wherein the physical layer is adapted to communicate with at least some of the

other nodes of the mesh network with two or more orthogonal communication channels.

14. The media access controller of claim 12 wherein the physical layer is coupled
to two or more antennas for transmitting two or more data streams to one or more of the

other nodes of the wireless mesh network.

15. The media access controller of claim 2 wherein the contention manager
performs an enhanced distributed coordinated access procedure to access the wireless
communication channel, and

wherein an increase in the contention window by the contention manager increases
a back-off time for transmissions by a physical layer to change a probability of gaining

access to the channel.

16. The media access controller of claim 1 further comprising an admission
controller to admit application flows to the network and provide a contracted bandwidth
for each admitted application flow to the quality-of-service manager.
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17. A method for managing application flows comprising:

monitoring consumed bandwidth of a current application flow in a wireless mesh
network;

comparing the consumed bandwidth with a contracted bandwidth for the current
application flow; and

requesting additional resources for the current application flow after the consumed

bandwidth is significantly less than the contracted bandwidth.

18. The method of claim 17 wherein the monitoring, comparing and requesting are
performed by a current node of the wireless mesh network, and

wherein in response to the request for additional resources, a transmitting node
receiving the request increases a contention window for a lower quality-of-service level
application flow, the transmitting node being another node of the wireless mesh network

transmitting the current application flow.

19. The method of claim 18 wherein requesting includes setting a flag bit in reply
packets to indicate to one or more transmitting nodes to allocate greater bandwidth to the

current application flow.

20. The method of claim 18 wherein requesting includes employing signaling to
instruct the transmitting node to reset the contention window after the consumed

bandwidth is no longer significantly less than the contracted bandwidth.

21. The method of claim 17 further comprising responding to requests from one or
more nodes of the wireless mesh network for additional resources for the current
application flow by increasing a contention window for a lower quality-of-service level

application flow in response to the requests.

22. The method of claim 18 further comprising terminating one or more lower
quality-of-service level application flows after the consumed bandwidth remains
significantly less than the contracted bandwidth for the current application flow even after
the transmitting node has increased the contention window for the one or more lower
quality-of-service level application flows.
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23. The method of claim 22 further comprising selecting one or more of the lower
quality-of-service level application flows for termination based a priority of an associated

application flow.

24. The method of claim 23 wherein the current application flow is one of a
plurality of a higher quality-of-service level application flows,

wherein the higher quality-of-service level application flows comprise one or more
of a voice application flow or a video application flow, and

wherein the one or more lower quality-of-service level application flows comprise

background and best effort application flows.

25. The method of claim 24 wherein the video application flow includes one or
more multimedia application flows including a high-definition television application flow,
a standard television application flow, and a streaming video application flow, and

wherein the background and best effort application flows include one or more of an
email application flow, an Internet application flow, a file transfer protocol application
flow, a transmission control protocol application flow and a universal datagram protocol

application flow.

26. The method of claim 17 further comprising either allocating additional
bandwidth to lower quality-of-service level application flows or delaying transmissions of
the current application flow after the consumed bandwidth is significantly greater than the

contracted bandwidth.

27. The method of claim 26 further comprising increasing a contention window for
the current application flow to delay transmissions of the current application flow after the

consumed bandwidth is significantly greaterr than the contracted bandwidth.

28. The method of claim 18 further comprising communicating orthogonal
frequency division multiplexed communication signals with one or more of the other
nodes of the wireless mesh network, the orthogonal frequency division multiplexed

communication signals comprising a plurality of substantially orthogonal subcarriers.

16



10

15

20

25

WO 2006/074382 PCT/US2006/000481

29. The method of claim 28 wherein the mesh network is a multichannel mesh
network, and
wherein communicating comprises communicating with at least some of the other

nodes of the mesh network with two or more orthogonal communication channels.

30. The method of claim 28 further comprising transmitting two or more data
streams with two or more antennas to one or more of the other nodes of the wireless mesh

network.

31. The method of claim 18 further comprising performing an enhanced distributed
coordinated access procedure to access the wireless communication channel, and
wherein an increase in the contention window increases a back-off time for

transmissions to change a probability of gaining access to the channel.

32. The method of claim 17 further comprises:
admitting application flows to the network; and
providing a contracted bandwidth for each admitted application flow for use in

comparing with the consumed bandwidth for each admitted application flow.

33. A wireless router comprising:

a media access controller; and

a physical layer for communicating with other nodes of a wireless mesh network,

wherein the media access controller comprises:

a quality-of-service manager to monitor consumed bandwidth of a current
application flow and to compare the consumed bandwidth with a contracted bandwidth for
the current application flow; and

a contention manager to coordinate access to a wireless communication channel for
communications with other nodes of the network,

wherein the quality-of-service manager is adapted to instruct the contention
manager to request additional resources for the current application flow after the consumed

bandwidth is significantly less than the contracted bandwidth.
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34. The router of claim 33 wherein, in response to the request for additional
resources, a transmitting node receiving the request is adapted to increase a contention
window for a lower quality-of-service level application flow, the transmitting node being
one of the other nodes of the wireless mesh network transmitting the current application

flow.

35. The router of claim 34 wherein the contention manager is further adapted to
employ signaling to instruct the transmitting node to reset the contention window after the

consumed bandwidth is no longer significantly less than the contracted bandwidth.

36. The router of claim 33 wherein the contention manager is responsive to
requests from one or more of the other nodes of the wireless mesh network for additional
resources for the current application flow, wherein the contention manager is adapted to
increase a contention window for a lower quality-of-service level application flow in

response to the requests.

37. A system comprising:

one or more substantially omnidirectional antennas;

a media access controller; and

a physical layer for communicating with other nodes of a wireless mesh network
using the one or more antennas,

wherein the media access controller comprises:

a quality-of-service manager to monitor consumed bandwidth of a current
application flow and to compare the consumed bandwidth with a contracted bandwidth for
the current application flow; and

a contention manager to coordinate access to a wireless communication channel for
communications with other nodes of the network, o

wherein the quality-of-service manager is adapted to instruct the contention
manager to request additional resources for the current application flow after the consumed

bandwidth is significantly less than the contracted bandwidth.

38. The system of claim 37 wherein, in response to the request for additional
resources, a transmitting node receiving the request is adapted to increase a contention
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window for a lower quality-of-service level application flow, the transmitting node being
one of the other nodes of the wireless mesh network transmitting the current application

flow.

39. The system of claim 38 wherein the contention manager is further adapted to
employ signaling to instruct the transmitting node to reset the contention window after the

consumed bandwidth is no longer significantly less than the contracted bandwidth.

40. The system of claim 37 wherein the contention manager is responsive to
requests from one or more of the other nodes of the wireless mesh network for additional
resources for the current application flow, and

wherein the contention manager is adapted to increase a contention window fora

lower quality-of-service level application flow in response to the requests.

41. A machine-accessible medium that provides instructions, which when
accessed, cause a machine to perform operations comprising:
monitoring consumed bandwidth of a current application flow in a wireless mesh
network;
comparing the consumed bandwidth with a contracted bandwidth for the current
application flow; and
requesting additional resources for. the current application flow after the consumed

bandwidth is significantly less than the contracted bandwidth.

42. The machine-accessible medium of claim 41 wherein the instructions, when
further accessed, cause the machine to perform operations wherein in response to the
request for additional resources, a transmitting node receiving the request increases a
contention window for a lower quality-of-service level application flow, the transmitting
node being another node of the wireless mesh network transmitting the current application

flow.

43. The machine-accessible medium of claim 42 wherein the instructions, when

further accessed, cause the machine to perform operations wherein requesting includes
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employing signaling to instruct the transmitting node to reset the contention window after

the consumed bandwidth is no longer significantly less than the contracted bandwidth.

44. The machine-accessible medium of claim 41 wherein the instructions, when
further accessed, cause the machine to perform operations further comprising responding
to requests from one or more other nodes of the wireless mesh network for additional
resources for the current application flow by increasing a contention window for a lower

quality-of-service level application flow in response to the requests.
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